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COMPLETE SPECIFICATION 
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meaning of Sect 16 of the Patents Act 1949 arc:— Helmut Nonnbhmachbr, Hans- 
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Separation of Methacrylic Add and Acrylic Acid 

acetophenone, ethyl acetate, isopropyi acetate 
and acrylic esters* However, extraction with 
these solvents has a mwnhfr of disadvantages. 40 
The boiling points of many of the solvents are 
lower than the boiling point of (rneth)acryiic . . 
add. To separate the solvent from the extract 
it must be distilled off; this n ^rr? larger hea t 
consumption. Some solvents ate difficult to 45 
separate from (meth)acryUc add by distillation, 
while many solvents necessitate the addition of 
salts to the aqueous phase (salting-out effect), 
the recovery of the salt from the aqueous 
solution purescnting difficulties. 
Moreover, the solvents proposed have low 

where 




We, Badbghs Amuw- & Soda-Fabwx 
AKnBNGSSSLLSGBAFT, a German Joint Stock 
Company, of Linlwigshafea/Rhein, Federal 
Republic of Germany, do hereby declare the 
invention, tor which we pray that a Patent may 
be granted. to us, and the method by which k 
is to be performed, to be particularly described 
in and by die following statement:— 
This invention relates to a new process for 
10 separating (mcm)acrylic acid from mixtures 
containing xneth&crvlic at acrylic acid or 
add and acrylic acid. The cxpres* 
i)acryuc acid" as used in the 
sice and hereinafter is intended 
to mean "at least one of the compounds 
niethacryhc acid and acrylic add'*. 

In numerous processes for the production of 
(meth)acrylic add these compounds are 
obtained m impure form, especially as aqueous 
20 solutions which contain small amounts of 
saturated carboxylic adds. Purification is 
usually earned out by distillation. Since how- 
ever (meth)acrylic add has a higher boiling 
point than water, considerable amounts of heat 
25 arc required for separation if the solution has a 
high water content, owing to die high heat of 
vaporization of water* It is therefore advan- 
tageous to extract (rneth)acryHc add Oram 
aoueons solutions and to isolate it by distillation 
50 oldie organic phase; 

1 A large number of solvents have been 
proposed for the extraction of (rncth)acrvlic 
add from aqueous solutions: petroleum ether, 
KnrnT^*, toluene, chloroform, carbon tetra- 
chloride, dichlorocthanc, trichloroedxylcne, 
tetrochlorocmyieue, butanol, diethyl ether, 
d> isopropyi ether, methyl ethyl 
(Price 4r.6U) 
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partition coefficients K(K^^ where Q 

denotes the concentration of (meflriacrylic add 
in percent by weight in the organic phase and 55 
Cg denotes the concentration of (meth)acrylic 
add in pe r cen t by weight in the aqueous phase). 
Low partition coefficients necessitate multi- 
stage extraction or the use of larger amounts of 
solvent in order to ensure practically ouantita- €0 
tive separation of (meth)acrylic add from the 
aqueous phase. Furthermore, impurities other 
than water, particularly propionic acid and 
acetic add, cannot be removed satisfactorily. 

It is an object of the invention to provide a 
process for separating (meth^acrytic arid in 

which wnroenr hag a higher ti l lin g rt%- 

effidentthan solvents which have hitherto beat 
proposed, in which die ( medflac ryiic acid is 
separated ' practically quantitatively in a few 
extraction stages, in which the solvent need not 
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salt to the aqueous phase is not necessary and 
in which the main impurities, ic propionic 
acid and acetic add, can be easily separated. 
These and other objects ate achieved in a 
m process for die separation of (nieth)acrytic acid 
* rrom mixtures cont2rain><ineih)aavlic acid by 
extraction with a} lactam having 4 to 7 ring 
members and beaW a byarocarbon radical as 

substituent on the nitrogen atom* 

y\ The new process is suitable ror senaranng 
( mcd pacrylic acid from both liquid and 
vaporous mixtures containing (meth)acrylic 
aaoV Aqueous solutions obtained in commercial 
processes and containing about 2 to 50%, 
15 preferably 5 to 30%, by weight of (meth)acrylic 
odd are particularly suitable. The aqueous 
solutions may also contain other water-soluble 
organic or inorganic substances, such as lower 
alcohols, saturated carboxyhc adds, carbon 
20 dioxide or metal salts. Experience has sh own 
that such substances do not affect the extraction 
of fmeth>cryiic add even if they are also 
extracted by die solvent, It is particularly 
advantageous to use aqueous (methJacryUc add 
25 solutions obtained in the commercial oxidation 
of propylene or isoburylene or by scrubbing the 
reaction gases with water. a m 

According to the new process it is also 
possible to extract (mctb)acrylic add selectively 
30 Sum vapors. Thus, the reaction gases obtained 
in the commercial oxidation of propylene or 
isoburylene and containing (rneth)acrybc add 
may be treated with the solvent Vapors having 
a high water content are also suitable as 
35 sorting materials. The new process is particu- 
larly advantageous in the purification of vapors 
more than 50% by weight of (meth) 



having 4 to 7 ring members and 
40 bearing a hydrocarbon radical with 6 to 20 
carbon atoms as substituent on the nitrogen 
atom are used as solvents* Suitable compounds, 
which should be liquid under the reaction 
conditions, are propiolactams, pyrroKdones, 
45 pjperidones and caprolactams which bear an 
alkyl, aBcenyi, cydoalkyi, aryl or aralkyl radical 
as substituent on the nitrogen atom. Alkyl 
radicals with 6 to 20 carbon atoms, cydoalkyl 
radicals with 6 m 12 carbon atoms, aryl radicals 
50 vixh 6 to 12 carbon atoms and aralkyl radicals 
with 7 to 12 carbon atoms, are preferred as 
hydrocarbon radicals on the nitrogen atom of 
the lactam. The lactams may also bear alkyl, 
cydoa&yi, aryl or aralkyl radicals as subsri- 
tuents on one or more, preferably one or two, 
carbon atoms in the ring. If the lactam bears 
more than one radical as subs riniPim on carbon 
atoms, these subsutuents may be identical or 
different. Preferred radicals are alkyi groups 
having 1 to 6 carbon atoms, cydoalkyi groups 
having 5 to 8 carbon atoms, aryl groups having 
6 to 10 carbon atoms and aralkyl groups 
having 7 to 12 carbon atoms. Examples of 
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done, 3><iinu^l-N^opropylpyrxoluto 4, 
6-cUmetbyl-N^yrpiperidone, N-pentytarpert- 
done, N^ooylprperidone, N^utylcaprolactam 
and Nn>ctylcapTolactam. 

It is particularly advantageous to use wr- 
rolidones which bear a hydroca rbon radical 
with 6 . to 20 carbon atoms as substiment on 
the nitrogen, alkyl and aftoenyl groups being 
preferred as hydrocarbon radicals. Examples 
are: N-heptylr^^hdone, N^ctylpynoli toie, 
N-ethylhexylpynolidone, N^lecylpyrrolidone, 
N-d^ecylpyirolidone, N^cxadecylpyrruhaoae, 
N-hf^K5Wl>l>yyrolidoao and N^levi- 
* pyrrolidine. N«-cyctoheacvlpyrrolio^w^ N- 
tolyipyrrdidone and N<2^heny!ethylh>yr- 
rohdone are also suitable. t 

In order to avoid difficulties ro tbedlstillanve 
purification of the solvents— a measure which 
is accessary after prolonged onstream periods--* 
it is advantageous to use those solvents which 
contain a total of not mere than 25, preferably 7 
to 20 and particularly 10 to 17 carbon atoms. 
For extracting aqueous (mcih)acrylic a dd 
solutions those solvents are particularly suitable 
which at room temperature have extremely bw 
water^olubOxty, ie. up to about 0-2% by 
weight, so that the extractant contained m the 
aqueous solutions can be easily recovered, eg. 
by extraction with an aromatic hydrocarbon. 

Obviously mixtures of solven ts ma y be used 
\j\*tK»A of pure solvents. Mixtures of the 
abovementioned solvents may be used. kis 
however also pr***^- to use mixtures of the 
abovementioned solvents with, other solvents, 
such as aliphatic, cydonlfphntic or arumatic 
hydrocarbons, halohydrocarbons, ethers or 
esters; the lactam content should be at least 
50% by weight. Many of such mxxtu res ha ve 
lower water-solubility than' the pure solvents. 
The extraction may be carrifd out within' a 
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gm suitable compounds are N-ocryrpropii — — ^ 
4-en^l-H^exylpropiolactam, N-burylpyuuli- 
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particularly between room temperature and 
150°C In the extraction of solutions, however, 
the use of a temperature other than room 
temperature does not offer any further advan- 
tages. Extraction is usually carried out at 
atmospheric pressure, but supcratmospheric 
pressure, eg. up to 5 atmospheres gauge, may 
also be ny* 1 The use of subatmospheac 
pressure, eg. 10 to dOOrnmHfc may be 
advantageous in the extraetjon of vapors. 

The extraction of (meth)acrylic acid from 
solutions is carried out in conventional manner 
either batchwise or preferably continuously. 
It Is usually carried out in more than one stage- 
It is advantageous to use continuous extractive 
columns having 2 or more, particularly 2 to 20, 
theoretical trays. En many cases, about 95% 
of the (rnerh)acryue add contained m an 
aqueous solution can be separated in 2 an^s. 
The amount of solvent used is usually 0-1 to 10, 
advantageously 0*2 to 5, times die amount of 
the solution, the initial concentration and the 
desired final concentration being the governing ^ 
factors. In prmdple, It is possible to produce 
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extracts whose (meth)acry]jc add concentration 
is as high as the concentration of the aqueous 
solution multiplied by the distribution co- 
efficient. In . general, however, solutions of 
5 sligbtiy * 0Wtt concentration are obtained. 
The extraction of (meth)ocryiic acid from 
vaporous mixtures is also earned out in con- 
ventional manner, eg. by contacting die 
vapors with the solvent emi nt e renr rentry. For 
10 example, the vaporous mixture to be separated 
— is introduced into the lower ox middle part of a 
distillation column, while the solvent is supplied 
to the top of the column. The pressure and the 
temperature at the top are so chosen that the 
15 water and/or the other impurities can be with- 
drawn in vapor form and mar this vapor 
contains very little or no (mcth)acryik add. 
For example, pressures between 100 and 
1,000 mm Hg at temperatures of from 50 to 
20 150X are suitable, low pressures being used 
at low temperatures. The solvent which con- 
tains (methJaaryUc add is withdrawn, at die 
bottom of the column and supplied to a second 
distillation column where (metfa)acrylic add is 
25 distilled off and the solvent is recovered as 
bottoms product The solvent is men recycled* 
The two methods, namely liquid-liquid 
extraction and extraction from the gas phase, 
may be combined Thus, dilute aqueous 
30 solutions are advantageously first subjected to 
liquid-liquid extraction with the solvent and 
die' solution obtained is - then subjected to 
extractive distillation. Obviously it is possible 
first to separate the (mem)acryiic add from the 
35 organic solution by distillation. It is advan- 
tageous however to introduce the organic 
solution direct into the top of the destination 
column. The mixture of water, (mrth)acrylic 
acid, possibly acetic add and propionic acid, 
40 and small amounts of cxtractant, which xnixture 
is obtained in vapor form at the top of the 
distillation column* is con densed by cooling and 
supplied to die liquid-liquid extraction c olumn 
at a suitable point. 
45 Concentration of any acetic add and pro* 
picnic add that may be present takes place in 
the distillation column above die (metmacrylic 
add owing to their lower distribution oo- 
ue, their higher volatility under the 




conditions of the extractive 
therefore possible to 
saturated adds from the vapor ) 
point of die distillation ccJmm^wte^l 
concentration in the gas phase is at ' 
This aide stream always contains^ 
amount of (meth)acrylic addi^If-L ' 
two saturated carboxylio acto^arr 
rather large amounts with 
a crylic aad ir may be advantageous^ 
avoid excessive losses of ^mem>iryj 
remove the (mem] 

vaporous side stream in a small^wi^Sffl 




which a small amount of unloaded -rsbT^e^ffiW 



fed* The wash liquid obtained :is . 
into the Htctflintinn column at a suitable' 

The (meth)acryllc wid^isvrecova^ml^^"^- ^ffi' 
second aide stream below thc^poihY^Mu^i^/ 

- - ■ * *• * ■ & * 'iaSsT' 



the two saturated catboxjii^facids; 



drawn* 



ithdratofi^a&70. ! . ■.. 



chamber r^n*"^ n ': sniall?am^wmv ^of ^ 
vapor* In order m^free-tdiem^rxb^zi^v 



drawn 

In the course of the a< 
enriched with higher-1 
order to prevent these ^ 
exceeding a certain level; tt 
solvent is withdrawn* Creed; 
yi^^t ^^ distillation 
solvent as overhead product and 
column. 
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All product streams wnidraw%£rrc^ 

vapor c*—*- — MK ^ - 

solvent 

solvent they are washed with a 
liquefied product, the wash ' lioj 
cycled tn a point in dub colmmvat;th¥;s^;75; 
height at which the stream omcerneetisr wmV? ? 




In the extraction 
acrylic add solution widx half ?die 
various solvents at rc^-; jxmpV 
figures listed in die: fbllowag* 
obtained Table 1 gives the resul . 
wiih conventional solvents: and,Tab!e£2 
results obtained wim solventB oftbe^pro^^ 
according to the invention. In Table -3 "dretV^.;^ Y 
distribution coefficients for acrylic* >wdd^m6'M^ 'x 
compared, with those for propionic 'add and^; ; . 
- - add. \ * * - . . - v s - : ' • 
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Solvent 



Tabu 1 
A 

gc/wacr 
per IQOgtf 



B 

g^f solvent 
per lOOg of 



butyl* 
ethyl acetate 
methylene chloride 
acrylo flftrfle 
diethylkctone 
dizsopropyl ether 

methyl acryiate 
ethyl acryiate 
butyl acryiate 
benzene 
diethyl ether 
furan 

2-snethylfunui 
2,5-dihydrofuran 
2^-dibydropyian 
2-mcthyltetrahy 1 ' 
hcsaniedxyleQe c 



Sohera 



224 

54 

84 

0-3 

84 

7-2 

2-5 

4-7 

7*1 

44 

2-0 

M. 

64 

0-35 

04 
22-8 

14 

AS, 

4-6 

Tabu 2 

g of mater 

per Vttgrf 
organic photo 



2-05 

0- 5 
6-7 

1- 7 
8-05 
5-6 
05 

49 
14 

02 
10-35 
0*7 
04 
144 
045 
5-1 

2- 4 



if 

g of so l ve n t 
per 100 grf 



345 

2-9 

2-7 

04 

24 

34 

245 

21 

2-3 

14 

06 

06 

40 

04 

0- 7 
30 

1- 3 
4*2 
4-7 



N-tsoaciylpyn , oKdone 
Nslodecylpyirolidane 
K^Ieyipytrolidane 



22 
19 
2D 



1*2 
<V8 
04 



7-8 
4*8 
3*14 



A denotes the solubility of water in the acrylic add , K is the distribution coefficient 
organic phase, while B indicates the solubility for acxyHc add. 
5 of the solvent m the aqueous phase tree from 



Solvent 



Tabu 3 
(Distribution coefficients) ^ 

(acryScadd) (propionic add) 



K 

{acme add) 



U-gouci^lpyuolirione 
N-n-4iejtylpyg.t >Hrfonft 
N-dodecylpyrrolidonc 
^oley^yirolidane 



74 
645 
4* 
3*14 



54 
44) 

254 



In the extraction of aqueous solutions eon- wnh half the 
taming 10 wt % of tnethacxylic add or 10 wt% pctature ftp 
cfisobutyricaci4orl0wt.%tf^^ obouned. 



14 
147 
M4 
144 



cf solvent at room ti 
listed in Tabic 4 



Sohent 



Tms 4 

(Distribution coefficients) ^ 

(wtthaayUcadd) (itobtaync add) 



K 

(propionic add) 



K-lsoouylpymifietone 
N-dodixylpyrroHdaac 



284 
164 



174 
104 



54 
315 
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Exampk 2 

Crude aq ueous acrylic add containing 
1*74% by wept of acrylic aa£l-74% by . 
weight of aoedc add and 2*57% by weight of 
carbooyl compounds (calculated as acrolein) is 
used' as starting material, N- 2-ethyUxc sy 1- 
pyrrolidon c ([NOP) b employed as" cxtractant 

1*5 1 peTfiour of aqueous acrylic add and . 
1*5 1 per hour of NOP are supplied to the top 
and bottom respectively of a pulsed extractive 
Cfl h u pn 40 mm in diameter and having 60 
perforated trays, each with 19 holes 2 mm in 
diameter, the tray spacing being 50 nun. The 
solution of NOP and acrylic add which is with- 
drawn at the top is passed into a dehydration' 
column (1,000 mm in height, 70 mm in 
.diameter, packed with Raschig rings); a frac- • 
tion consisting mainly of water is obtained at a 
pressure of 50 mm Hg> a bottoms temperature 
20 of 1 15" G and a temperature of 38°C at the top 
and returned to the extractive column, The 
bottoms product obtained in the dehydration 
column is fed to a point approximately in the 
middle of a first acetic acid column (2^00 mm 
in height, 40 mm in diameter, packed with 
stainless-steel wire mesh rings), while at the 
same time O-l 1 per hour of NOP is supplied 
to the top of the column. At a pressure of 50 mm 
Hg, a bottoms temperature of 140*Q a tem- 
perature of 47°C at the top and a reflux ratio of . 
5:1a distillate containing 18% by weight of 
acrylic acid, 70% by weight of. acetic add, ' 
10*S% by weight of water and 0*75% by 
weight of carbooyl compounds is obtained. . 

This distillate is fed to a point approximately . 
in the middle of a second acetic acid column 
(1,200mm in height, 40mm in diameter, 
packed with stainless sred wire mesh rings), 
while at the same tune 0*0151 per hour of 
NOP is supplied to the tap of the column. At 
a pressure of 50mm Hg, a bottoms tempera- 
ture of 70X, a temperature of 44°C at the top 
and a reflux ratio of 5 : 1 a cUstQlate is obtained 
which contains 80% by weight of acetic add, 
less than 0-1% by weight of acrylic acid, 
19*6% by weight of water and 0*55% by weight 
of carbonyl compounds. The amount of 
acetic acid contained in this distillate is 83*3% 
of the amount originally contained in the 
agucoTO -solution. -•Ebe* bott om s * 'product fr om - 
this column is recycled to the first acetic arid 
column. It contains 72% by weight of acrylic 
acid, 10% by weight of acetic aod and 0-23% 
by wdght^of water, the rest being NOP and 
„t % ~t impurities. 
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The bottoms product from the first aoedc 
add column is f ed to the upper part of an 
acrylic add column (1,200mm in height, 
40 mm in diameter, packed with stainless steel 
wire mesh rings). At a reflux ratio of 1 : 1, a *a 
pressure of 30 mm Hg, a bottoms temperature 
of 170°C and a ternperarure of 66°C at the top 
acrylic add having a purity of about 97-6 to 
98% by weight (96% of the amount originally 
contained in the aqueous solution) is obtained $5 
as distillate. 

The aqueous phase obtained in the extrac- 
tion *3fth***«M*i contains 0*4% by weight of 
acrylic add and acetic acid and 2*98% by 
weight of carbonyl omnpounda. 

The NOP obtained as bottoms product 
the acrylic acid column is recycled, a bleed 
stream of about 25% being previously purified 
by distillation. 

WHAT WE CLAIM IS:— 75 

1. In a process for separating rnethacryiic 
add and/or acrylic add. xrom mixtures con- 
taining rnethacryiic add and/or acrylic add the 
improvement which comprises extractin g said 
mixtures with a lactam having 4 to 7 ring B0 
members and bearing a hydrocarbon radical 
with 6 xo' 20 carbon atoms as substituent on the • 
nitrogen atom as cxtractant. 

2. A process as claimed in claim 1 wherein a . 
pyrrolidonc bearing an alkyl radical with 6 m 65 
20 carbon atoms or an alkenyl radical with 6 to 

20 carbon atoms as substituent on the nitrogen . 
atom is used as exemctant. 

3. A process as claimed in claim 2 far 
separating rnethacryiic add and/or acrylic add 
from aqueous , solutions containing 2 to 50% 
by weight of rnethacryiic add and/or acrylic 
add comprising etrracring said solutions at a 
temperature of from 0 9 to 200°C and a pressure 
of from, 10 mm Hg to 5 atmospheres gauge, 

off the methacr dic acid and/o r 
mront solunatu cf 
and/or acrylic' aod in said 
recycling the j^rrohdone 
ittams product in the distillation 100 
m stage. 

4. A process for separating acrylic acid from 
a mixture containing acrylic add substantially as 
described in the foregoing Example. • ■ 

J. Y. * G. W. JOHNSON, 
Punuval House, 14—18 High Holbein, 
London, W.C1, 
Chartered Patent Agents, 
Agents for the Applicants. 





Printed tot Her Mojetry'a Stationery Office by J. Looker Ltd., Poole, Doner. 
Published at The Paxeox Office, 25, Southampton BuOdmgS, London, w\C2» 



6*50000 <G8 ;_ » 1 fl7783A_L> 



